• An experimental-based high strength aluminium alloy development methodology has been proposed.
Introduction
Selective laser melting (SLM), as one of the most important members of the metal additive manufacturing (AM) family, has attracted growing attention in recent years for its ability to fabricate complex metallic components [1, 2] . Due to its consecutive track-by-track and layerby-layer building nature, SLM offers the capability of manufacturing parts with a high degree of geometrical freedom, which can break down the barriers of traditional manufacturing processes without adding additional cost [3] . Moreover, the unmelted powders can be recycled and reused in the future, which effectively lowers the usage and waste of raw materials. By virtue of the above advantages of design freedom and manufacturing flexibility, there is now a growing demand from many industrial sectors, such as aerospace, automotive, marine and medical fields, for critical engineering parts to be built by SLM [4] .
To further exploit the advantages of this innovative process and optimise the functionality of the customised parts, lighter and stronger materials like Al alloys that are adaptable to the SLM process are in heavy demand. However, the number of applied Al alloys for this advanced technology is still very limited and the resultant properties are often mediocre [5, 6] . This is because most of the currently used Al alloys for SLM (such as AlSi7Mg, AlSi12 and AlSi10Mg) were originally designed for normal casting techniques, wherein the solidification characteristics differ significantly from the more dynamic environment in the SLM process [7, 8] .
Other attempts have been made to adapt the 2xxx and 7xxx series wrought alloys to SLM process and avoid the hot tearing cracks by adding extra inoculants [9, 10] . However, the resultant properties are only comparable to their wrought counterparts as the potential benefits arising from the ultrafast solidification rate in the SLM process are still underutilised with those alloy systems. As such, to increase the number of Al alloys that can be successfully processed by SLM and concomitantly improve the mechanical properties, there is now growing realisation that high performance Al alloys have to be designed specifically for the SLM process.
Among all the alloying elements, the transition (or rare earth) metal element Sc is regarded as one of the most effective strengthening elements in Al alloys, and it has been reported that small addition can markedly improve the alloy mechanical properties after heat treatment [11] . Furthermore, previous studies have indicated that the strengthening potential can be improved by increasing the cooling rate [12] [13] [14] . During the SLM process, the solidification rate within molten pools measuring several hundred microns in size can go up to 10 4 -10 6 K/s, which provides the possibility of trapping significantly more Sc into solid solution [15] . After a subsequent ageing treatment, the decomposition of the supersaturated Sc in the Al matrix into a correspondingly large volume fraction of nanosized Al 3 Sc precipitates provides great potential for precipitation hardening [12] [13] [14] [15] . It should be noted that the above heat treatment (normally conducted at 250-350°C) is essentially compatible with the general stress relieving treatment of SLM fabricated Al alloys, which is an indispensable step before removing the building parts from the platform to avoid deformation or even cracking [11, 16] . On the other hand, adding Sc into Al alloys can also result in exceptional grain refinement effects. This arises from the formation of primary Al 3 Sc precipitates, which act as heterogeneous nucleation sites for grain crystallisation due to the minimal lattice misfit and resultant lower interfacial energy between the Al 3 Sc particles and Al matrix [11, 17] . The refined grain size is very desirable for the SLM process since it can improve intergranular liquid feeding and accommodate strains generated during the rapid solidification process, which can effectively avoid the hot tearing cracks that a majority of the existing high strength Al alloys are suffering from [9] . On the basis of above analysis, there is now great scope for developing Sc-containing high strength Al alloys for SLM that require only a very simple post heat treatment.
To design a Sc containing high strength Al alloy specifically for the SLM process, the consideration of a combination of factors including the dynamic metallurgical characteristics of the SLM process, the coupling of multiple strengthening mechanisms in the alloy system, and the diffusion kinetics of alloying elements have to be established. However, to verify the suitability of the designed alloys, trial and error based methods through repeated powder sourcing are unavoidably time consuming and cost ineffective. Thereby, it is very necessary to develop a convenient experimentally based method to simulate the characteristic of the SLM process and predict the properties of the developed alloys. In this study, a novel wedge mould casting and laser remelting methodology is proposed to mimic the non-equilibrium solidification features of the SLM process. Besides, the processability of the developed alloy can be assessed and the resultant alloy properties can be predicated. Through the current alloy development methodology, we have successfully designed a high strength Al-Mn-Sc alloy and verified it by SLM processing. We envisage that the design concept and methodology in the present study can also be applied to alloy development in other metallic systems for additive manufacturing.
Experimental
Materials that were used for alloy development through wedge mould casting and laser remelting were firstly prepared by adding Al-2Sc, Al10Zr, Al-10Mn, Al-50 Mg, and/or Al-50Si master alloys (all wt%) to high purity aluminium (99.9%) in a resistively heated furnace at 50°C higher than the corresponding melting point. The designed alloy melting points for each specific composition were determined by Thermal-Calc coupled with the TCAl 4.0 database. The wedge mould casting and laser remelting experimental details can be found in [18] . In essence, the designed alloys were firstly melted and poured into a wedge-shaped copper mould, wherein the bottom part can reach a solidification rate of approximately 1000 K/s. After casting, samples from near the bottom tip of the wedge were cut into 5 mm thick slices, and then placed on the substrate of the SLM machine and scanned with the laser so as to melt and re-solidify a thin scan track under conditions that are similar to SLM processing. In this study, a reciprocating scan strategy was applied with an optimised laser power and scan speed to achieve a reasonable molten pool size for further studies. The prepared alloy chemical compositions were all measured by inductively coupled plasma atomic emission spectroscopy (ICP-AES) with the corresponding results summarised in Table 1 . To study the ageing response and thermal stability behaviours, the alloys were isothermally aged in a salt bath at 300°C for different time intervals after laser remelting. The samples were then cut perpendicular to the laser scan direction to reveal the cross sections for microstructure observations and microhardness measurements. The optimised alloy composition was then converted into powder using the vacuum inert gas atomisation (VIGA) technique. After sieving, near spherically shaped powders in the size range of 20-53 μm were used for SLM in a commercially available EOSINT M290 SLM machine with a laser beam diameter of around 100 μm. Cubic and cylindrical samples were fabricated on an Al substrate with a controlled platform temperature of 35°C, using an EOS default bi-directional scan strategy with a laser beam rotation of 67°between consecutive layers. Based on a series of process parameter studies, the parameters of choice were: laser power of 370 W, scanning speed of 1000 mm/s, hatch distance of 100 μm and layer thickness of 30 μm. Samples fabricated with these process parameters achieved a densification level above 99.5% as confirmed through Image J analysis.
Samples prepared from both wedge mould casting and laser remelting and the SLM process were analysed through the following procedures. Optical microscope (OM) images were taken using a Nikon Eclipse Ni .
Alloy development process

Microstructures after casting and laser remelting
To achieve enhanced precipitation hardening through the decomposition of the supersaturated solid solution of Sc in Al alloys, higher cooling rates must be insured. A model Al-7Si (wt%) alloy was therefore first used to check the solidification cooling rates corresponding to the wedge mould casting and laser remelting methodology in this study. Fig. 1a shows the cross-sectional morphology of the laser remelted Al7Si sample, where distinctly different microstructures can be observed in the laser remelted areas and the casting areas. The casting area features typical primary α-Al dendrites with eutectic Si segregated in between. Detailed secondary dendrite arm spacing analysis revealed that the fastest cooling rate in the wedge mould casting can reach~10 3 K/s [19] . It should be noted that the wedge mould casting is an essential step for Sc-containing Al alloy casting in this work as the higher cooling rate can effectively avoid the formation of large primary Al 3 Sc particles, which may be difficult to melt during the subsequent laser scanning. After laser remelting, very fine cellular dendritic structures are obtained, which are similar to those observed in SLM fabricated Al-Si casting alloys. This demonstrates that a significantly higher solidification rate has been achieved and this methodology can simulate the SLM process to some extent (Fig. 1b) . After confirming that the cooling rate is sufficiently high, the alloy development process was then started with an Al-Sc-Zr ternary alloy. Al-Sc-Zr alloy under backscattered electron (BSE) imaging. As shown by the schematic curves outlining the molten pools, the upper part represents the laser-remelted areas and the bottom part represents the original casting. Good laser processability can be demonstrated by the absence of the solidification cracks, distinguishing from the traditional high strength Al alloys after laser processing [20, 21] . Besides, fine particles that are resolved as bright white phases due to atomic number differences under the BSE mode are frequently observed in the casting areas. On the contrary, such primary particles are dissolved into the Al matrix with the further increased cooling rate through laser remelting. A higher magnification image in the laser remelted area, marked as zone A in Fig. 2a , shows that the columnar grains preferred to grow along the direction perpendicular to the molten pool boundary (Fig. 2b) . During the laser remelting, most of the absorbed heat of the molten pool will be dissipated through the surrounding consolidated and/or the unmelted materials [22] . By remelting of the adjacent molten pools, the partially remelted grains can act as pre-nuclei for subsequent grain crystallisation, leading to the continuous columnar epitaxial growth along the opposite direction of heat dissipation. By zooming into zone B in Fig. 2a , it is found that the microstructures in the casting part are mainly comprised of equiaxed grains with polygonal-shaped particles (typically 3-7 μm in size) distributed across the Al matrix (Fig. 2c ). An EDX line scan proved that the bright white phases are rich in Sc and Zr, which corresponds to the Al 3 (Sc,Zr) primary particles (Fig. 2d) . It is believed some of the formed Al 3 (Sc,Zr) primary particles would have promoted the heterogeneous nucleation of the fine equiaxed grains in the casting [13, 17] . Moreover, the relatively high cooling rate in the copper wedge mould casting may have further contributed to the fineness of the equiaxed grains.
Ageing behaviours of laser remelted alloys
After laser remelting, the Al-7Si and Al-Sc-Zr alloys were then subjected to an ageing treatment at 300°C to compare their strengthening potential and thermal stability behaviours. Since the main focus of this study is to develop high strength alloys for SLM, Vickers hardness values were only recorded within the laser remelted areas. As can be seen from Fig. 3 , significant hardness increment was achieved for the laser remelted Al-Sc-Zr alloy, with the hardness increasing from 39.7 HV 0.5 in the laser remelted condition to 113.5 HV 0.5 after ageing for 5 h at 300C. Moreover, no obvious over-ageing was observed after ageing for up to 168 h, suggesting that the studied Al-Sc-Zr alloy possesses excellent thermal stability. On the contrary, the Vickers hardness of the Al7Si alloy dropped continuously upon ageing, decreasing from 93.6 HV 0.5 in as-laser remelted state to only 45.7 HV 0.5 after ageing for 168 h at 300 C. It is worth noting that the Al-7Si alloy exhibited about 20 HV 0.5 higher hardness after laser remelting than after wedge mould casting, which is attributed partly to a much higher supersaturation of Si in solution in the as-remelted condition [23] .
In order to evaluate the thermal stability of the studied alloys, the microstructures of the laser remelted Al-Sc-Zr and Al-7Si alloys were investigated after ageing treatment at 300C (Fig. 4) . The BF TEM image in Fig. 4a reveals the formation of a large amount of nano-sized Al 3 (Sc,Zr) precipitates upon ageing. As expected, the precipitates size maintained below 10 nm after the prolonged exposure for up to 168 h at 300C. Apart from the sluggish diffusivity of Sc within the Al alloy system, previous studies have also found that the Zr can replace Sc atoms within the precipitates to form a more protective core-shell structure after prolonged ageing to contribute to the high thermal stability of the AlSc-Zr alloy [24, 25] . However, this still needs further verification for the current alloy. On the other hand, the same ageing treatment applied to the Al-7Si alloy promoted the rapid precipitation and coarsening of Si particles, aided by the high diffusivity of Si in Al (Fig. 4b) [26] . The very significant drop in hardness by 48 HV 0.5 upon ageing at 300°C (Fig. 3) can be explained in terms of the combined effects of reduced solute in solution, reduced Si clustering, the break-up of the eutectic Si network, excessive particle coarsening and increased stress relieving/ annealing after ageing for 168 h at 300°C [27] [28] [29] .
The above ageing study demonstrates that the laser processed Al-ScZr alloy possesses excellent strengthening potential and significantly better thermal stability than the Al-7Si alloy. Thus, the commonly applied Al-Si based casting alloys (such as Al-7Si-Mg, Al-12-Si, Al-10Si-Mg) are not ideally suitable for the SLM process as the subsequent stress relieving treatment will unavoidably deteriorate the resulting mechanical properties. On the other hand, the high thermal stability of the AlSc-Zr alloy at 300°C also provides the possibility to integrate the aforementioned stress relieving and direct ageing treatments into one simple heat treatment for SLM fabricated Al parts [16] . Such a one-step post heat treatment is highly desirable for industrial applications as it can resolve issues associated with normal post heat treatments of Al alloys. To this end, exploring new compositional space for developing high strength Sc and Zr containing Al alloys specifically targeting SLM with simple post heat treatments has been found to hold much promise for the alloy development thrust in this study.
Further alloying elements design
To keep the post heat treatment process simple and further improve the strength of the above Al-Sc-Zr ternary alloy, solid solution strengthening is proposed as an additional design consideration in the development of Al alloys specifically for SLM. This arise from that the common alloying elements in traditional precipitation hardening Al alloys, which are normally aged below 200°C, are not compatible with the higher ageing temperature regime used for the Sc and Zr containing Al alloys [30] . Nevertheless, care must be taken for further alloying element(s) design in order to maintain the maximum strengthening capability from the large volume fraction of nano-sized Al 3 (Sc,Zr) precipitates. As such, the alloyed element(s) should not significantly decrease the solubility of Sc or combine with Sc to form any non-hardening phases, as this will deteriorate the strengthening potential from the decomposed Al 3 (Sc,Zr) precipitates. Besides, the alloyed element(s) must be highly soluble after SLM processing to provide high strengthening potential. Furthermore, with lessons learned from the above ageing studies, diffusion kinetics as one of the critical factors must be considered to retain the elements in solid solution after the required stress relieve and/or ageing treatment. Table 2 summarises the diffusion parameters for the typical alloying elements in Al [26, 31, 32] . The common alloying elements in traditional precipitation hardening Al alloys, such as Cu, Mg, Si and Zn, possess diffusion coefficients that are typically 3 to 4 orders of magnitude higher than Sc. Furthermore, previous studies have found that Cu and Si are prone to combine with Sc to form coarse W-AlCuSc and V-AlSiSc phases, respectively, thereby decreasing the amount of Sc that is available for precipitation hardening [33, 34] . Among all the available alloying elements, it is evident that elements like Cr, V, Ti and Mn preserve a considerably lower diffusion rate compared with Sc, which can potentially avoid precipitation during the post ageing treatment proposed above. In this study, Mn was chosen to demonstrate the proposed alloy development methodology. It has been established that the solubility of Mn in Al can be enhanced significantly by increasing the solidification rate, resulting in the markedly improved properties through solid solution strengthening without noticeably decrease the solid solubility of Sc [11, 35] . For example, up to 4.5 wt% of Mn can be placed into solid solution at a cooling rate of 10 3 to 10 4 K/s in the Al-Mn system, and a 30.3 MPa yield strength improvement can be obtained for each 1 wt% of Mn in solution [36] . On the other hand, it should be noted herein that Mg can also contribute to the alloy strength without sacrificing the thermal stability of the Al-Sc-Zr system according to previous study [37] . Nevertheless, due to the high potential of Mg evaporation and oxidation during laser processing, as well as the increased corrosion susceptivity of high Mg alloys, the Mg content should be carefully controlled in alloy development for SLM [38, 39] .
Al-Mn-Sc alloy evaluation
To verify the suitability of Mn, three batches of alloys with various compositions were cast and remelted by laser scanning. These were denoted as Alloy-1, Alloy-2 and Alloy-3, with the corresponding compositions shown in Table 1 . It should be noted herein that the compositions of other alloying elements were slightly changed to explore the maximum strengthening potential and that no negative interactions were observed between the various alloying additions. Fig. 5 shows crosssectional microstructures of Alloy-1 after wedge mould casting and laser remelting. Again, no solidification cracks were observed in any of these alloys after laser remelting. As confirmed from the BSE image in Fig. 5a , tremendous amount of needle-shaped particles are found within the underlying casting areas but absent within the laser remelted areas, indicating the significantly improved solubility after laser remelting. The higher magnification image (Fig. 5b) reveals the microstructure is mainly composed of fine equiaxed grains in the molten pool boundary, compared to columnar grains within the molten pool centre (Fig. 5b) . Fine white phases are found to be distributed along the columnar and equiaxed grain boundaries, which are believed to have resulted from the rejection of solutes from matrix during solidification [38] . Fig. 6 shows EDX mapping across both the laser remelted areas and the casting areas of Alloy-1, wherein a uniform distribution of the Mn and Mg solutes can be confirmed within the laser remelted areas, in comparison to the Mn rich needle shaped particles (possibly Al 6 Mn phase based on previous study [40] ) in the casting areas.
The designed alloys were then subjected to an ageing treatment at 300 C, with hardness values recorded within the laser remelted areas shown in Fig. 7 . In general, compared with the Al-Sc-Zr ternary alloy, the addition of Mn and Mg significantly improved the hardness values without sacrificing the thermal stability. By further increasing the amount of Mn and Mg, the as-laser-remelted hardness value of Alloy-3 increased up to 146 HV 0.5 compared with 39.7 HV 0.5 for the Al-Sc-Zr ternary alloy. This hardness improvement is mainly attributed to the solid solution strengthening effect from Mn and Mg, as similar levels of Sc and Zr are contained in both alloys (Table 1) . Additionally, the hardness of Alloy-3 increased rapidly to approximately 186.3 HV 0.5 after ageing at 300C for 5 h and maintained a similar level for at least 168 h. In summary, by means of the proposed alloy development methodology, the developed Al-Mn-Sc alloys demonstrated good laser processability, outstanding strengthening potential and excellent thermal stability.
SLM fabrication and verification
Processability of Al-Mn-Sc alloy by SLM
Based on the above alloy development study, an Al-Mn-Sc based alloy composition was proposed for gas atomisation. The chemical composition of the gas atomised powders was measured to be Al-4.52Mn-1.32Mg-0.79Sc-0.74Zr-0.07Fe-0.05Si (wt%). After SLM fabrication, no cracks and/or micro-cracks were detected in the SLM fabricated samples as confirmed from the OM images captured along the horizontal and vertical orientations (Fig. 8) . Regular line-by-line scan tracks are revealed in Fig. 8a , and good metallurgical bonding is evident between the neighbouring scan tracks. The elliptical shaped features are observed between the individual scan tracks, which is due to the local convection and the resultant uneven liquid spreading within the molten pool [41] . Layer-wise molten pool morphology features are found in the vertical cross section as an intrinsic characteristic of SLM fabricated parts (Fig. 8b) . The irregularity of the molten pool arrangement is caused by the machine default scan strategy, which causes scan directions to alternate between neighbouring layers. The contrasting bright and dark coloured regions correlate with different etching responses for different microstructures across the melt pools, which will be discussed in the next section. Fig. 9 shows the EBSD grain orientation on the cross section of the asfabricated Al-Mn-Sc alloy. A columnar-equiaxed bimodal grain structure was captured, wherein the equiaxed grains are mainly located at the molten pool boundaries while the columnar grains are within the molten pool centres. Similar microstructures have been observed in the Sc and/or Zr modified Al-Mg alloys after SLM fabrication [42, 43] . TEM study was conducted in both regions to further analyses the grain structures of the SLM fabricated Al-Mn-Sc alloy (Fig. 10) . Short rod-type particles (indicated by the blue arrows) are found to be aligned along the growth direction of the columnar grains at both grain boundaries and within the grain interiors (Fig. 10a) . By tilting the columnar grains into the 〈011〉 zone axis, it is found that these particles are mainly segregated along the dislocation walls (or the so-called sub-grain structures). A TEM EDS study confirmed that these particles are mainly rich in Al and Mn. On the other hand, by carefully analysing the SAD diffraction pattern taken along the 〈001〉 axis of the Al matrix, it can be confirmed that the Al\ \Mn phase reflections match those of the Al 6 Mn structure according to JCPDS (PDF #44-1195) (Fig. 10c) . This is not surprising since it is expected both Al 6 Mn and Al 3 (Sc,Zr) can be at equilibrium with α-Al [11, 44] . Previous studies have found that Al 6 Mn particles are preferentially located along grain boundaries and/or dislocations where the nucleation energy can be greatly reduced [45] . In this study, we suggest that these particles are formed due to solute rejection from the liquid front and subsequently nucleated at the grain and sub-grain boundaries (or dislocation walls). As highlighted by the inset picture in Fig. 10b , the cuboidal shaped primary Al 3 (Sc,Zr) particles are observed within almost each of the equiaxed grains. It should be noted those particles can hardly be seen from the columnar grain regions. We suggest the reduced cooling rate due to remnant heat from previously solidified layers and the lower temperature distribution stimulated the primary Al 3 (Sc,Zr) particles formation at the molten pool boundary areas [42, 43] . Those particles that form and grow at the molten pool boundaries can then act as nucleation sites to promote the fine equiaxed grain crystallisation. As the temperature increases along a steep thermal gradient from the molten pool boundary to the centre of the melt pool, more Sc and Zr atoms are swept into solution and some epitaxial growth of columnar grains occurs along the direction opposite to the heat dissipation. The layer-by-layer building nature of the SLM process thus favours the alternative growth of the bimodal grain structures. Although the formed Al 6 Mn and Al 3 (Sc,Zr) particles will deplete some useful elements in solution, a series of EDS point analysis confirmed that the majority of the alloyed elements are still maintained within the matrix in both types of grains.
Microstructures of SLM fabricated Al-Mn-Sc alloy
To achieve further precipitation hardening, the SLM fabricated samples were then directly aged at 300°C for 5 h to reach peak hardness and at the same time, relieve the residual stress generated during the SLM process. Fig. 11a shows a BF TEM picture of an equiaxed grain after the above ageing treatment. The inset picture shows the SAD pattern taken along the 〈112〉 zone axis, where the superlattice reflections of the precipitates are clearly observed as marked by blue circles. By using the reflection at the 1/2{220} position, the corresponding DF image revealed the existence of large amounts of nano-sized Al 3 Sc precipitates, which are found to be uniformly distributed throughout the Al matrix (Fig. 11b) . The high resolution TEM (HRTEM) image taken along the [001] zone axis is shown in Fig. 11c . The observed Al 3 Sc precipitates exhibited highly coherency with the matrix and careful measurement revealed an average precipitate size of about 2-5 nm. The fast Fourier transformation (FFT) pattern in Fig. 11d further confirmed the expected L1 2 superlattice reflection from Al 3 Sc precipitates within the selected area in Fig. 11c. Fig. 12 displays the mechanical properties of the SLM fabricated AlMn-Sc alloy in both as-fabricated and heat treated conditions. As shown in Fig. 12 , three tensile tests were conducted for each sample condition and repeatable results were obtained. The tensile test results of the horizontally built samples show that the SLM fabricated Al-MnSc alloy achieved a yield strength of 431.0 ± 12.7 MPa in the as fabricated condition, and reached 570.9 ± 4.3 MPa after ageing at 300°C for 5 h. It can be concluded that the developed Al-Mn-Sc alloy showed about 100 MPa to 250 MPa higher yield strengths than the existing Al alloys that can be successfully processed by SLM [6, 8, 13, 37, 46] . Moreover, the SLM fabricated Al-Mn-Sc alloy also demonstrated high elongation in both as fabricated (21.5 ± 2.0%) and heat treated (18.1 ± 3.1%) conditions, which concurs with the obvious necking phenomenon observed on the fractured tensile samples (Fig. 12) .
Mechanical properties of SLM fabricated Al-Mn-Sc alloy
The developed alloy demonstrated discontinuous yielding and a low degree of work hardening during tensile tests in the as fabricated and direct aged conditions. Further investigations revealed that the formation of Lüders bands caused the flow stress drop during the straining process. The low work hardening behaviour, on the other hand, arises from the nature of the ultrafine grains (the equiaxed grains in this study). In essence, dislocations generated within the ultrafine grains during the straining process cannot be effectively stored due to the significantly increased chance of interactions and annihilations between (1) the dislocations themselves and (2) between dislocations and grain boundaries in the ultrafine grained microstructures [47] . After the direct ageing treatment, the disappearance of fluctuations during the straining process may be due to the more homogeneous distribution of precipitates along the dislocation slip planes. In summary, this study demonstrated that the subversively enhanced solubility of solutes (mainly Mn in this case), the precipitation of a large volume fraction of nano-sized Al 3 Sc precipitates as well as the extremely fine grain structures contributed to the finally achieved outstanding properties.
Conclusions
In the present study, a useful wedge mould casting and laser remelting alloy development methodology has been proposed specifically for alloy development for selective laser melting (SLM). This methodology was then used to develop a novel Al-Mn-Sc alloy, which was evaluated and verified by SLM. The following conclusions are drawn from the findings:
(1) After wedge mould casting and laser remelting, the ternary AlSc-Zr alloy exhibited an obvious age hardening response and outstanding thermal stability compared with the widely applied AlSi-based casting alloys, making it a promising base alloy for high strength Al alloy development for the SLM process. (2) Based on an understanding of Al alloy strengthening mechanisms, alloying element diffusion kinetics, and the rapid solidification nature of the SLM process, Mn was chosen as a major alloying element to further improve the properties of the Al-ScZr alloy through solid solution strengthening. The laserremelted alloys containing Mn exhibited a significant hardness improvement compared with the Al-Sc-Zr base alloy, reaching a hardness value of 186.3 HV 0.5 after direct ageing treatment at 300°C for 5 h, and maintained excellent thermal stability after exposure for at least 168 h. (3) The developed alloy was subjected to gas atomisation and verification by SLM fabrication. The SLM-fabricated Al-Mn-Sc alloy demonstrated good laser processability with an absence of solidification cracks and obvious metallurgical defects. Due to the formation of primary Al 3 (Sc,Zr) particles at the molten pool boundaries, the SLM fabricated Al-Mn-Sc alloy possessed a fine columnar-equiaxed bimodal grain structure. A TEM study confirmed the precipitation of a large volume fraction of nanosized Al 3 Sc precipitates after a simple and industrially desirable direct post-ageing treatment of 5 h at 300°C. The direct aged Al-MnSc alloy achieved very high yield strength of 570 MPa together with an elongation to fracture of 18%. 
